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This d iscuss ion  updates t h e  information i n  l a s t  
yea r ' s  r epo r t  on t h e  performance of our l a r g e  volume, 
mean timed, neutron counters .  We observed subnanosecond 
time d ispers ion  f o r  l a r g e  (13.1 R, 26.2 R ,  and 52.2 2) 
NE-102 p l a s t i c  s c i n t i l l a t o r s  with a mean-timing tech- 
nique described by Evers e t  a 1  .' and Bhowmik e t  a l .  2 
A module described by Raldwin and ~ a d e ~ ~  measures t h e  
mean time t = ( t  + t  ) / 2 ,  where tl, t a r e  t h e  photon 1 2  2 
s i c  time d i spe r s ion  of t he se  d e t e c t o r s  w i th  cosmic 
rays .  With one l a r g e  counter  placed d i r e c t l y  above 
another of i d e n t i c a l  dimensions, we measured coinc i -  
dences with t h e  cosmic r ays  passing through t h e  4 i n  
dimension of each counter .  The threshold  of each 
counter  was s e t  a t  14 MeV equiva lent -e lec t ron  energy 
(MeV-ee) which i s  about two-thirds t h e  energy corres-  
ponding t o  t h e  peak i n  t he  cosmic-ray pulse-height 
t r a n s i t  times from t h e  s c i n t i l l a t i o n  event t o  5 i n  spectrum. Pos i t i on  i d e n t i f i c a t i o n  was used i n  both 
diameter (Amperex XP2041) photomul t ip l ie r  tubes (PMTs) counters t o  e l iminate  t h e  l a r g e s t  zen i th  angles  i n  
coupled t o  l u c i t e  pipes a t  each end of t h e  40 i n .  long t h e  cosmic ray f l u x  i n  order  t o  reduce f l i gh t -pa th  d i f -  ' 
s c i n t i l l a t o r .  We measured an upper l i m i t  t o  t h e  i n t r i n -  fe rences  between t h e  de tec ted  events i n  each counter .  
The observed time r e so lu t ion  of 332 f 7 picoseconds 
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10 in. x 40 in. x 4 in. (fwhm) i s  shown i n  Fig. 1 f o r  two 10 i n  x 40 i n  x 
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4 i n  de t ec to r s .  From t h i s  coincidence t ime-resolution 
measurement with cosmic rays ,  we deduce an upper l i m i t  
t o  t h e  i n t r i n s i c  time d i spe r s ion  of 235 + 5 ps (fwhm) 
f o r  one of our l a r g e  (10 i n  x 40 i n  x 4 i n  ) NE-102 
p l a s t i c  s c i n t i l l a t i o n  counters.  S imi lar ly ,  we deduced 
an upper l i m i t  of 155 + 5 ps (fwhm) f o r  t h e  i n t r i n s i c  
time d i spe r s ion  of a 5 i n  x 40 i n  x 4 i n  de t ec to r .  
A computer code, which we developed t o  s imula te  t h e  
mean-timing process i n  our de t ec to r s  c a l c u l a t e s  in- 
t r i n s i c  time d ispers ions  of only 15  ps and 25 ps  (fwhm) 
f o r o u r 5 i n  x 4 0 i n  x 4 i n  a n d l o i n  x 4 0 i n  x 
4 i n  counters ,  respect ive ly .  We be l i eve  t h a t  "walk" 
Figure 1. The-resolut ion o f  t ~ o  10 i n  x 40 i n  x 4 i n  and time-slewing i n  t h e  e l e c t r o n i c s  and t h e  r e s i d u a l  
NE-102 counters for cosmic rays. One was placed on top 
of the other and both had a threshold s e t  a t  about tuo- spread i n  cosmic-ray zen i th  angles  a r e  t h e  major con t r i -  
th irds  of  the cosmic-ray through-peak (or  a t  about 14 
MeV equivalent-electron energy). Position iden t i f i ca t ion  butors  t o  t h e  time d i spe r s ions  measured f o r  t he se  
was used t o  eliminate the larger zenith angle i n  the 
cosmic-ray f lw. counters.  
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Figure 2. A portion o f  the t ime-of-fl ight spectrum 
showing the prompt y-ray peak from 337 MeV/A neon ions 
on a uraniwn target.  The measurement was made with a 
10 i n  x 40 i n  x 4 i n  NE-102 counter with a pulse- 
height threshold of  8 MeV equivalent-electron energy. 
I n  a d d i t i o n  t o  t h e  cosmic-ray s t u d i e s  of t h e  in-  
t r i n s i c  t ime d i s p e r s i o n s  of t h e  large-volume neu t ron  
d e t e c t o r s ,  we observed good t ime r e s o l u t i o n s  i n  exper i -  
ments a t  t h e  Bevalac and a t  t h e  IUCF. F igure  2  shows 
a  gamma-flash peak measured by a  10 i n  x  40 i n  x 4  i n  
NE-102 counte r  from Ne+U a t  337 ~ e ~ / n u c l e o n  performed 
a t  t h e  Bevalac. The fwhm of 374 picoseconds f o r  t h e  
y peak i n c l u d e s  t h e  t iming d i s p e r s i o n s  of t h e  "neutron" 
counte r  and t h e  beam t e l e s c o p e  fo lded  t o g e t h e r .  The 
neu t ron  d e t e c t o r  t h r e s h o l d  was s e t  a t  8 MeV-ee. I n  a  
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Figure 3. The neutrog time-of-fl ight spectrum a t  a 
laboratory angle of  0 from the 4 8 ~ a ( p , n ) 4 8 ~ c  reaction 
a t  160 MeV. The sharp peak i s  the 4 8 ~ c  s tate  a t  2.52 
MeV excitation. 
r e c e n t  experimental  run  a t  t h e  IUCF, we ob ta ined  a  
neu t ron  peak wi th  a  t ime  r e s o l u t i o n  of 490 p s  f o r  a  
10 i n  h igh  x  40 i n  x 4  i n  NE-102 d e t e c t o r .  F igure  3  
shows a  s h a r p  neu t ron  peak corresponding t o  t h e  2.52- 
MeV s t a t e  i n  4 8 ~ c  from t h e  4 8 ~ a ( p , n )  r e a c t i o n  a t  an  
i n c i d e n t  p ro ton  energy of 160 MeV; t h e  corresponding 
energy r e s o l u t i o n  is 440 keV. Note t h a t  t h e  observed 
r e s o l u t i o n  i n c l u d e s  t h e  f i n i t e  d e t e c t o r  t h i c k n e s s  
e f f e c t  and t h e  b u r s t  wid th  of t h e  c y c l o t r o n  pro ton  
beam. W e  measured a n  upper  l i m i t  f o r  t h e  b u r s t  width 
of l e s s  than  375 p s  w i t h  a  ( p l a s t i c  s c i n t i l l a t o r )  
monitor  counte r  p o s i t i o n e d  c l o s e  t o  t h e  t a r g e t  f o r  
d e t e c t i n g  e l a s t i c a l l y - s c a t t e r e d  pro tons .  
F igure  4  shows a  p o r t i o n  of t h e  t ime-of - f l igh t  
spectrum of n e u t r o n s  from t h e  1 2 ~ ( p , n )  1 2 ~  r e a c t i o n  a t  
100 MeV pro ton  energy and a  l a b o r a t o r y  a n g l e  of 24.5'. 
The two peaks a r e  t h e  12N ground s t a t e  and 0.96 MeV 
f i r s t  e x c i t e d  s t a t e .  From t h e  observed s e p a r a t i o n  of 
t h e s e  peaks we deduce a  wid th  of 230 keV fwhm f o r  t h e  
1 2 ~ ( g .  s . )  peak; t h e s e  n e u t r o n s  have an  energy of 80 
MeV. Note t h a t  t h e  23 mg/cm2 t a r g e t  c o n t r i b u t e s  150 
keV t o  t h e  r e s o l u t i o n .  This  spectrum was ob ta ined  a t  a  
f l i g h t  p a t h  of 76.3 m w i t h  our  new 20 i n  x  40 i n  x  
Figure 4 .  The neutron etssrgy spectrum a t  a laboratory 
angle of 24' from the 12c(p,nl  reaction a t  99.1 MeV. 
4 i n  mean-timed neutron counter. This counter  was i n  submitted t o  t h e  American Phys ica l  Socie ty  f o r  presenta-  
a two-counter a r r ay  wi th  one of our 10 i n  x 40 i n  x t i o n  a t  t h e  Apr i l  1980 meeting i n  Washington, D.C. 
4 i n  counters.  The o v e r a l l  energy and time r e so lu t ions  
1 )  D. Evers e t  a l . ,  Nucl. Instrum. Methods 124, 33 
of t h e  two counters  were i d e n t i c a l .  To t h e  bes t  of our (1975) . 
knowledge, t h i s  is t h e  bes t  energy r e so lu t ion  repor ted  2) R . J .  Bhowmik e t  a l . ,  Nucl. Instrum. Methods 143, 
63 (1977). 
f o r  neutron t ime-of-f l ight  measurements above 50 MeV. 
3) A.R. Baldwin and R. Madey, Nucl. Instrum. Methods 
An a b s t r a c t  on t h e  performance of our d e t e c t o r s  was ( i n  p re s s ) .  
